Introduction
============

Type 1 diabetes (T1D) is an autoimmune disease mediated by a combination of genetic and environmental triggers resulting in the lymphocytic infiltration of pancreatic islets with selective and progressive loss of the insulin-producing β cells. Even if over the years the autoimmune events have been well elucidated - at least in the mouse model-the etiology and pathogenesis of T1D involve poorly understood genetic risk variants and still (almost) unidentified environmental factors.[@R1]

Since the '90s, pancreatic islet transplantation, by replacing β cell function, is the only cure for patients with T1D. Islet transplantation is a relatively easy surgical procedure, consisting in the infusion of islets into the liver after percutaneous transhepatic catheterization of the portal vein. The primary outcomes of the clinical trials include rate and severity of hypoglycaemic events, improvement of HbA1c levels and stabilization or regression of secondary chronic complications of diabetes. Advances in islet transplantation research have led to remarkable improvement in the outcome of islet transplantation as documented by the International Islet Transplant Registry ([www.citregistry.org](http://www.citregistry.org)): considering the 2007--2010 period, the reported insulin independence rates were 66% at one year, 55% at two years and 44% at three years.[@R2]

As reported by many studies an estimated 60--80% of the transplanted islet mass is lost within hours to days after intra-hepatic islet infusion, mainly because of an immediate blood-mediated inflammatory reaction (IBMIR), thrombosis and hepatic tissue ischemia with release of liver enzymes.[@R3]^,^[@R4] Evidence of the inflammatory and innate immune reactions influencing islet engraftment and survival mainly comes from quantitative positron emission tomography imaging of labeled islets in humans[@R3]^,^[@R4] and non-invasive magnetic resonance imaging studies in mouse models.[@R5] Moreover, both pre-existing and transplant-induced auto- and allo-specific adaptive immune responses play a major role in islet loss.[@R6]

Recognizing these problems has increased the efforts in the search for (1) anti-inflammatory strategies to control and/or modulate the early innate immune response and favor islet survival and engraftment, (2) immunosuppressive or tolerogenic therapies to prevent and/or inhibit auto- and allo-specific adaptive immune responses, (3) alternative sites for islet implantation to avoid liver-specific hurdles and (4) alternative sources of insulin-producing cells to overcome both cadaveric donor shortage and variability of islet isolation. Many mouse models of diabetes are available to investigators, including the spontaneous (i.e., both immune- and not immune-mediated), chemically-induced (i.e., not immune-mediated) and transgenic or knockout derived (i.e., both immune- and not immune-mediated) model.

In this review we will focus on the main methodological aspects of islet transplantation research in mouse models of diabetes. It is crucial to appreciate whether and how transplantation outcomes are affected by the graft (i.e., islets) or the recipient (i.e., diabetic mice) selected for a given experiment. Translational research, including islet transplantation, requires controlled preclinical studies of good quality to generate reliable results before starting clinical trials in humans.

Diabetes Mouse Models
=====================

A critical component of islet transplantation research are the many mouse models of diabetes, including chemically-induced, spontaneous and transgenic or knockout.

Chemically-induced diabetes mouse models
----------------------------------------

For decades alloxan or streptozotocin (STZ) have been used to induce diabetes in transplant recipient animals.[@R7] A literature search covering the last four years (June 2008--May 2012) documents that 88% of the mouse studies in islet transplantation have used chemically-induced diabetes recipients ([1](#T1){ref-type="table"}).

###### **Table 1.** Practical guidelines for preclinical islet transplantation studies
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Critical points that we firmly recommend to consider are spotlighted in red. A literature search yielded 153 studies in which islet transplantation was performed in T1D mouse models published between June 1, 2008, and May 31, 2012.

Alloxan and STZ are glucose analogs that are internalized into the β cells via GLUT2 and induce necrosis and insulin deficiency.[@R7]^,^[@R8] Their cytotoxicity is achieved through different intracellular pathways: induction of reactive oxygen species (ROS) for alloxan and DNA alkylation for STZ.[@R8] Different doses and administration routes are used according to the rodent strains and gender. A mouse strain-dependent hierarchical response to STZ exists: DBA/2 \> C57BL/6 \> MRL/MP \> 129/SvEv \> BALB/c. Moreover, in all these mouse strains, males have a more robust STZ-induced hyperglycaemia than females, possibly because estradiol protects β cells from oxidative stress-induced apoptosis.[@R9]^,^[@R10]

Methods to induce STZ- diabetes can be categorized as (1) single high dose of STZ or (2) multiple low doses of STZ (MLD-STZ) over a period of several consecutive days. A single high dose of STZ is used to induce severe diabetes. In our experience, nearly 100% of C57BL/6 mice develop severe hyperglycaemia (i.e., non-fasting glycaemia \> 450 mg/dl) at 1--3 d after STZ injection. In this model the chemical direct toxicity of STZ is responsible for β cell death. MLD-STZ is used to induce mild diabetes. In our experience, 50% of C57BL/6 mice develop mild hyperglycaemia (i.e., non-fasting glycaemia \>300 mg/dl) at 9--10 d after the first STZ injection. In this model β cell apoptosis (occurring 4--5 d after the first injection) and immune-mediated damage (leucocytes infiltration of islets at 10--12 d after the first STZ injection) are both responsible for β cell death.[@R10]^,^[@R11] Supporting the role of the immune system in the development of diabetes after MLD-STZ, Ihm et al. have described that macrophages presents β cell auto-antigen to T-helper cells leading to the development of β cell-specific cytotoxic cells.[@R11]^,^[@R12] Moreover, splenocytes transfer from MLD-STZ mice to recipient mice pre-treated with a single sub-diabetogenic dose of STZ resulted in increased lymphocytes rolling and endothelial adhesion toward islets, demonstrating that splenic lymphocytes contain immunologically activated islet-specific T cells.[@R13]^-^[@R15] Strain variability in STZ-induced hyperglycaemia was attributed to differences in the immune response: C57BL/6 and BALB/c mice are Th1- and Th2-prone, respectively.[@R9] Islets of MLD-STZ C57BL/6 mouse produce IFN-γ and TNF-α (i.e., Th1-type cytokine) and have reduced IL-4 and IL-10 levels (i.e., Th2-type cytokines), while opposite findings were reported for the BALB/c mouse. Apparently, reduction and upregulation of Th2-type cytokines are more strongly associated, with susceptibility and resistance to MLD-STZ induced diabetes than upregulation of Th1-type cytokine levels.[@R16]

An often underestimated critical point in chemically-induced diabetes mouse models is that both alloxan and STZ produce toxic side effects on multiple organs including liver, kidney, bone marrow and spleen. For example, the immunosuppressive effects of STZ-induced diabetes may result in absolute lymphopenia and a relative increase of T regulatory cells, introducing confounding variables in the model.[@R10]^,^[@R17] Toxic side effects sometimes complicate the interpretations of results and should be taken in consideration when designing the study and analyzing the results .

Spontaneous autoimmune mouse model
----------------------------------

In islet transplantation research the non-obese diabetic (NOD) mouse model is used less frequently than the chemically-induced diabetes mouse model. This model mimics many features of human T1D, involving both genetic (i.e., 50--100 genes in total) and environmental factors that ultimately lead to an histological pictures of islet similar to that described in human T1D at onset. NOD mice have relatively mild defects of immune tolerance (when compared with FoxP3 or AIRE mutant mice), suggesting both the polygenic nature of T1D and the small influence of more than one single locus. T1D develops because of an immune response involving β cell-specific T cells that leads to autoimmunity. Islets mononuclear cell infiltration (insulitis), involving CD4^+^ and CD8^+^ T cells, macrophages, NK cells and B cells, is detected at 4--6 weeks of age in both male and female mice. β cell killing in the islets is asynchronous, with different islets destroyed over time until enough destruction has occurred for hyperglycaemia to develop.[@R11] Islet insulitis leads to spontaneous T1D onset at 12--16 weeks of age, more frequently among females (70--90%) than males (10--40%). However, the finding that the lower incidence of spontaneous T1D in males occurs despite of similar levels of early insulitis than in females suggests that the intra-pancreas autoimmune process includes (1) an insulitis that is completely penetrant, well-tolerated for a long period of time and does not completely destroy target tissue and (2) an overt T1D that is not completely penetrant.[@R12] Furthermore, T1D incidence is highly variable among different NOD colonies, mainly because of microbial environment. Thus, NOD colonies must be maintained in pathogen-free conditions to obtain a high and consistent incidence of T1D.[@R18] Actually NOD mouse recipients are used to fully mimic late-stage T1D patients undergoing islet transplantation, with a memory β cell-specific immune response re-activated after graft infusion. However, both the high variability in T1D incidence and the different timing of T1D onset among NOD colonies has limited the number of islet transplantation studies that have used NOD mice as transplant recipients. A literature search covering the last four years (June 2008--May 2012) documents that only 9% of studies in islet transplantation have used the spontaneous T1D mouse model as recipient ([Table 1](#T1){ref-type="table"}).

Transgenic or knockout diabetes mouse models
--------------------------------------------

Transgenic and gene targeting technologies have produced many animal models of diabetes with reduced genetic and pathogenic complexity compared with the chemically-induced and spontaneous diabetes models.

In Ins2 Akita mouse,[@R19] pancreatic islets fail to normally develop because of a miss-sense mutation in the coding sequence of the insulin molecule. The aminoacid substitution leads to a defective folding of the pro-insulin chain that triggers a massive compensatory "quality control" mechanism chaperonine-mediated in the endoplasmic reticulum. The disruption of the normal processing of the regulated secretory pathway results in lower levels of mature insulin (either Ins2 or Ins1) and, hence, early development of hyperglycaemia at 4 weeks of age. Histological analysis of islets shows the presence of atrophic β cells largely devoid of secretory granules, similarly to the chemically-induced MLD-STZ diabetes mouse model, although without intra-islet insulitis or inflammatory infiltrate. After the onset of diabetes, the heterozygous mutant mice may survive relatively long periods without insulin treatment thanks to the secretion of subnormal levels of fully processed Ins1 that escapes intracellular degradation. Because of the stable hyperglycaemia this model may be useful for β cell replacement studies.

Islet transplantation studies have taken advantage of the introduction in β cells of neo antigens by transgenesis under the control of rat insulin promoter (RIP) to establish neo (self) antigen expression that will be the target of immunity. These transgenic mouse models combined with T-cell receptor transgenic provides an elegant system to evaluate and measure (self) antigen-specific T-cell response. Many viral antigens have been inserted under RIP control: glycoprotein (GP) or nucleoprotein (NP) of Lymphocytic ChorioMeningitis Virus (LCMV)[@R20]^,^[@R21] and hemoagglutinin (HA) of Influenza Virus.[@R22] These transgenic mouse models are called pathogen-induced models and diabetes development is driven by single (self) antigen-specific T cells.[@R23] Expression of the neo (self) antigen per se does not lead to diabetes or islet dysfunction, while virus infection, by eliciting a neo (self) antigen-specific immune response, induces antigen-specific cross-response against β cells.[@R23]^-^[@R25] Disease develops after (auto)-reactive T cells are activated systemically and reach the pancreatic islets, where they have to be further driven by local antigen-presenting cells that uptake β cell antigens and provide costimulation causing β cell destruction and hyperglycaemia. The introduction of these transgenic mouse models in islet transplantation research is quite recent. This model fully mimics patients with late-stage T1D undergoing islet transplantation, with no residual β cells mass (i.e., with hyperglycaemia) in the presence of memory β cell-specific immune response. Moreover, the possibility to track an antigen-specific T-cell response provides the opportunity to identify factors involved in the immune attack and assess the efficacy of different immune suppression protocols.

Pancreatic Islet Transplantation: Critical Parameters
=====================================================

Well-designed preclinical studies are pivotal to obtain high quality data and to safely translate islet transplantation research into clinical care. Various transplant settings are available to investigators: syngeneic (i.e., islet cell transplantation from a genetically MHC-identical donor), allogeneic (i.e., islet cell transplantation from a genetically MHC-non identical donor of the same species) and xenogeneic (i.e., islet cell transplantation from one species to another). In all these settings it is crucial to set the best conditions considering the specific aims of the experiment.

The graft: normalization of islet preparations
----------------------------------------------

As already stated for human islet isolation in 1989 during the workshop on the 2nd Congress on International Pancreas and Islet Transplantation Association, an accurate and consistent method to quantify the amount of islets infused is of crucial relevance for transplantation research. Murine islets size is quite heterogeneous, with their diameter ranging from 50 to 350 μm.[@R24] In order to quantify transplanted islet mass, both number and size need to be taken into consideration.[@R25] Preclinical islet transplantation research may borrow from islet transplantation in humans the well-accepted "islet equivalent" concept. Islet Equivalent (IEQ) is the standard estimate of isolated islet volume: an IEQ is defined as the mass of an islet with a diameter of 150 μm, assuming that islets are spherical. Although recently reconsidered taking into account the criticism that islets are not perfectly rounded,[@R26] IEQ remains the most used method to normalize islet preparations. A literature search covering the past four years (June 2008--May 2012) documents that only 23% of the studies in murine islet transplantation have used the "islet equivalent" normalization ([Table 1](#T1){ref-type="table"}), with over 75% of the studies non reporting any normalization of the transplanted islet mass.

From a practical point of view the number and size distribution of the isolated islets in a preparation are estimated in a small aliquot. The absolute islet number should be counted by optical microscope and both maximum and minimum islet diameters should be measured using an image software. The isolation index is calculated by dividing the absolute islet number in the preparation by the volume of an IEQ with a diameter of 150 μm. The use of the "islet equivalent" concept in preclinical experiments makes islet mass homogeneous between different experiment, and this is crucial for comparing experiments. Moreover, the use of the equivalent islet normalization defines two different models of islet transplantation: (1) the marginal islet mass model and (2) the full islet mass model.

The marginal mass model is used to evaluate islet survival and/or engraftment in syngeneic transplantations. In this model implantation of a marginal mass of islets achieves of normoglycaemia in less than 100% of recipients and/or reversal of hyperglycaemia is delayed. For the intrahepatic site, in our experience, the marginal mass of islets ranges from 100 to 250 IEQ. Manipulations resulting in a higher percentage of successful grafts and/or shortening of the time lag to achieve normoglycaemia are interpreted as favoring islet survival and/or engraftment. This is the best model in preclinical islet research to discriminate and select promising strategies to improve islet engraftment (i.e., anti-inflammatory drugs, alternative site for islet infusion).

The full mass model is used to evaluate islet survival in allogeneic transplantations. In this model islet infusion (in our experience for intrahepatic site more than 300 IEQ) achieves normoglycaemia in a high percentage of recipient mice (nearly 100%). This model allows to clearly define the time to rejection, as loss of graft function (i.e., non-fasting glycaemia \>300 mg/dl). This is the best model in preclinical islet research to discriminate and select promising strategies to modulate auto- or allo-immune responses (i.e., immunosuppressive drugs, tolerance induction strategies). The full mass model can also be used in syngeneic setting for histological, morphological or imaging studies.

The recipient: only severely diabetic mice
------------------------------------------

Hyperglycaemia is the results of β cell destruction because of chemical, immune or biological mechanism according to the mouse model used. Severity of STZ-induced diabetes is critical for islet transplantation studies, especially those aiming to reproduce human transplantation conditions. Late-stage patients with T1D undergoing islet transplantation have no measurable C-peptide (i.e., an estimate of endogenous insulin secretion) and ideally also islet transplantation recipient mice should have no residual endogenous insulin secretion. Furthermore, in preclinical mouse models diabetes must be severe enough to confidently detect changes in islet graft function over time due to different experimental conditions and settings.

In islet transplantation preclinical research, there is no commonly accepted threshold to define diabetes in recipient mice. Very heterogeneous thresholds are used by different investigators and the majority of studies use recipient mice with only moderate diabetes, and, therefore, with a sizeable residual β cell mass. A literature search covering the past four years (June 2008--May 2012) yielded 153 studies in which islet transplantation was performed in the diabetes mouse models. The definition of diabetes was not reported in 35% of the articles, was reported as glucose levels \>200 mg/dl in 2%, \>250 mg/dl in 6%, \>300 mg/dl in 23%, \>350 mg/dl in 20%, \>400 mg/dl in 8%, \>450 mg/dl in 4% and \>500 mg/dl in 2% ([Table 1](#T1){ref-type="table"}).

Transplant recipient mice receive islet grafts few days after diabetes onset. To eliminate the confounding of residual endogenous insulin secretion and/or β cell recovery due to an incomplete β cell destruction, we suggest to define diabetes in an islet transplant recipient mouse as blood glucose levels \>450 mg/dl.[@R27] Recently, it has been shown that the degree of hyperglycaemia of the recipient influences the engraftment of allogeneic islets (isolated from C57BL/6) transplanted under the kidney capsule of non-autoimmune (BALB/c) and autoimmune (NOD) diabetic mice. An increased incidence of primary non-function was observed when a marginal number of islets were transplanted into severely (i.e., glycaemia between 351 and 550 mg/dl) in comparison with moderately (i.e., glycaemia between 240 and 350 mg/dl) diabetic mice.[@R28] Furthermore, we have previously demonstrated that pre-transplant blood glucose levels inversely correlate with the time to loss of β cell function in allogeneic islets transplanted under the kidney capsule of STZ-induced diabetes mice.[@R27] The negative influence of hyperglycaemia on islet engraftment and allograft function may simply be explained by the lower residual β cell mass in mice with higher blood glucose levels. Conversely, moderately diabetic mice require low number of islets in order to maintain normoglycaemia and have an increased probability of achieving normoglycaemia with their residual endogenous β cell mass. A second hypothesis may be the deleterious effects of high glucose levels on transplanted islets, which has been well-documented in many studies. Transplanted islets, because of the limited oxygen supply, experience both β cell mass loss[@R29] and impaired insulin secretion.[@R30]^,^[@R31] Hyperglycaemia may worsen this loss by increasing β cell function and, consequently, their exhaustion. In addition, chronic hyperglycaemia has deleterious effects on insulin secretion, which may also contribute to poor graft performance. Finally, in this scenario we cannot exclude that pre-transplant blood glucose levels may influence the magnitude of the anti-graft immune reaction by inducing graft overfunction, which indeed enhances the immunogenicity of the transplanted islets.

The recipient: the liver as first choice for islet transplantation
------------------------------------------------------------------

Although many alternative sites have been used in mouse models, the liver is the gold standard in preclinical studies designed to collect preliminary data for islet transplantation in humans. It is worthwhile mentioning that intrahepatic islet infusion in the mouse model has some biological pitfalls also described in the human counterpart: thrombosis,[@R32]^,^[@R33] liver ischemia with elevated blood liver enzymes,[@R34] IBMIR[@R35] and innate immune cells recruitment.[@R36] However, a literature search covering the past four years (June 2008--May 2012) documents that only 23% of the published studies have used the liver as a site for islet transplant, whereas 70% have used the kidney capsule and 7% other alternative sites (i.e., bone marrow, pancreas, omentum, testis, subcutaneous, muscle, submandibular gland and epididimal fat pad) ([Table 1](#T1){ref-type="table"}).

The kidney capsule has been a preferred site for experimental islet transplants in mouse models because (1) the surgical procedure is relatively easy, minimally-invasive with low mortality rates, (2) hyperglycaemia is reverted in few days by transplanting a small number of islet[@R37] and (3) allows graft retrieval by nephrectomy for both histological studies and proof of function of the islet graft. These technical advantages have led to the use of the kidney capsule also as a site for co-cellular transplant studies including islet co-transplanted with endothelial cells,[@R38] mesenchymal[@R39]^,^[@R40] and bone marrow stem cells,[@R41] neuronal stem cells[@R42] and Sertoli cells.[@R43] However, the kidney capsule does not represent a suitable site for islet infusion in preclinical studies for several reasons. First, the kidney capsule is an extravascular site and the liver an intravascular site for islet transplantation. The differences both in surgical procedures and microenvironment truly have a significant impact on the early immune and non-immune events affecting graft survival, engraftment and function. Numerous evidences exist that islets in the renal sub-capsular space are not exposed to the non-specific immune response mediated predominantly by innate and inflammatory events that mostly influence intra-liver islet engraftment. These complex biological phenomena triggered by the contact between islets and blood are liver-specific (i.e., specific of an intravascular site). Second, the site of islet infusion may influence the magnitude of the allo-specific cellular immune response. Differences between the two sites both in immunosuppressive drug levels and kinetics of allo-antigen specific adaptive immunity have been reported in the literature. Moreover, site-dependent cell activation of the innate immune system, triggered by tissue injury during islet isolation and ischemia reperfusion, may initiate and amplify the allo-specific adaptive immune response.[@R44] For these reasons, preclinical islet transplantation under the kidney capsule (i.e., extravascular site) does not represent a good model for proof-of-principle or translational studies, and, therefore, new immunosuppressive and/or anti-inflammatory strategies need to be tested in the intra-hepatic mouse model of islet transplantation before translation into the clinic. Peri-transplant treatments targeting the innate inflammatory immune events need to be tested in the intra-liver islet infusion mouse model because site-specific differences clearly exist in islet engraftment. On this basis the routine peri-transplant prescription of treatments to reduce the inflammatory response often lacks appropriate and robust supportive preclinical data. For instance the addition of drugs targeting TNF-α and IL-1β to the standard immunosuppressive regimen of T1D recipients receiving islet transplantation was based on experiments in a mouse model of islet transplantation performed under the kidney capsule.[@R45]^-^[@R47] On the contrary, a phase 2 pilot study to test safety and efficacy of the peri-transplant administration of CXCR1/2 inhibitor and a planned multicenter clinical trial on a large number of patients[@R36] are based on consistent and reliable preclinical results obtained in the intrahepatic mouse model. Moreover, alternative sites for islet infusion should be carefully compared with the intrahepatic site which is the standard site used in clinical practice. Appropriate preclinical studies are essential to prove safety and efficacy of islet transplant in the alternative site compared with the liver. In this context, after promising preclinical data, a pilot clinical study is ongoing at the San Raffaele Scientific Institute (Milan) to test safety and feasibility of the bone marrow as an alternative site for islet auto- and allo-transplantation.[@R48]

The recipient: choosing a suitable control group
------------------------------------------------

As in human islet transplant, also in the mouse model the performances of transplanted islets are affected by the isolation process. It has been shown that mouse islet preparations may differ in pro-inflammatory molecule release, viability, insulin secretion and purity. Although a correlation between quality of the islet preparation and islet function is well known, islet transplantation in the mouse model is usually performed the day after islet isolation, without further information on islet quality. Several methods are currently used to correlate in vitro data with in vivo function, but results are usually not available at the time of transplant because these tests are time-consuming. Because of the variability of islet quality in different preparations, when planning an experiment in a mouse model we should include an internal control group that will be crucial when analyzing and interpreting results, both for intra-experiment normalization and mice stratification. For this reason we strongly suggest to always pair treated and control recipients to insure that islets from the same isolation are injected in an equal number of mice in each study arm.

The recipient: choosing among different murine donor-recipient strain combinations for allogeneic transplant
------------------------------------------------------------------------------------------------------------

MHC molecules are undoubtedly the most important allo-antigens triggering graft rejection. Although they are classified as full MHC-mismatched mouse model of islet transplantation, the strength/kinetics of the allo-immune response (i.e., timing of graft loss of function) varies among different murine donor-recipient strain combinations. Some strains such as C57BL/6 (i.e., H2^b^) are strong responders able to generate vigorous and quick allo-reactive immune responses, whereas CBA and C3H strains (i.e., H2^k^) are mild responders able to accept grafts more readily and, finally, BALB/C and DBA strains (i.e., H2^d^) are low or non-responders.[@R49]^-^[@R51]

As a rule of thumb in term of immune response the more stringent preclinical model is that of C57BL/6 islets transplanted in NOD mice. In fact, as in human islet transplantation, this model is characterized not only by a strong allo-immune response, but also by the re-activation of a memory auto-immune response. Therefore, this is a valuable preclinical model because it mimics both aspects of islet transplant in humans. A second very valuable model is that of BALB/c islets transplanted in C57BL/6 mice. This model is characterized by a strong allo-immune response in the absence of a memory response (unless induced by immunization strategies like pre-transplant infusion of donor splenocytes). The reverse combination of C57BL/6 islets transplanted in BALB/c mice is a less valuable model to study new immunosuppressive drug or pro-tolerogenic strategies because is characterized by a mild allo-immune response. In this line, Melzi et al. have previously documented that C57BL/6 islets transplanted in BALB/c mice show a quicker loss of function than BALB/c islets transplanted in C57BL/6 mice, independently by the site used (i.e., liver or kidney capsule).[@R52]

Finally the minor histocompatibility antigen mismatched model may be useful for studying specific issues. Beyond MHC molecules, differences at other loci in the presence of MHC-identity may increase susceptibility to rejection as the result of T cell recognition of other polymorphic non-MHC antigens, called minor histocompatibility antigens (minor H Ag). Minor antigens are ubiquitously expressed peptides derived from a wide variety of proteins, and presented by host- or recipient-derived MHC molecules. One set of proteins that induce minor histocompatibility responses, are encoded on the male-specific Y chromosome (minor HY Ag). In inbred mouse strains, females grafted with syngeneic male cells can respond only to product of these genes. Both MHC class I- and class II-restricted epitopes for minor HY Ags exist and cooperation between CD4^+^ and CD8^+^ T cell subsets are required to generate effective minor HY Ag-specific responses.[@R53] In this peculiar transplant setting, tetramers-peptides complexes and the development of both in vitro and ex vivo protocols to detect an antigen-specific T-cell population have allowed the dissection of minor HY Ag-specific immune responses.[@R54]

Data analysis: setting glycaemia thresholds for reverting hyperglycemia
-----------------------------------------------------------------------

In islet transplantation preclinical research blood glucose levels are used to define the success of islet engraftment, survival, rejection, tolerance according to the transplant model. Islet engraftment is usually defined as the achievement of normoglycaemia, and graft rejection the subsequent development of hyperglycaemia. There are no standardized and widely accepted thresholds for defining either normo- or hyperglycaemia murine models, and these need to be defined to correctly evaluate different biological phenomena. In the syngeneic mouse model of islet transplantation we propose to define normoglycaemia after islet transplantation as two consecutive measurements of non-fasting blood glucose levels \<200 mg/dl.[@R52] If more stringent definition is desirable, transplant function may be normalized for the pre-transplant glycaemia and the outcome classified as (1) full function (i.e., non-fasting blood glucose concentration \<50% of the pre-transplant concentration), (2) partial function (i.e., non-fasting blood glucose concentration between 50% and 80% of the pre-transplant concentration) and (3) no function (i.e., non-fasting blood glucose concentration \>80% of the pre-transplant concentration). In the allogeneic mouse model of islet transplantation, we propose to define normoglycaemia as the ability to reach non-fasting blood glucose levels under 250 mg/dl within 5 d after islet infusion and graft rejection as two consecutive measurements \>300 mg/dl in mice after normoglycaemia was achieved. Both in the syngeneic and allogeneic model, islet transplantation failure should be defined either as the inability to reach non-fasting blood glucose levels \<250 mg/dl or death within the first 7 d after islet transplantation (i.e., surgical death).

Conclusion
==========

Translational research needs very accurate preclinical studies before starting a clinical trial in humans. Islet transplantation research, taking advantage from many diabetic mouse models, is a very dynamic field. However, some methodological considerations need to be addressed to design meticulous preclinical studies and obtain consistent and reliable results to select promising strategies that may be translated into clinical practice.

The following critical points should be taken into consideration while planning preclinical bench-to-bedside islet transplantation research: (1) in all experiments islet mass should be normalized using the equivalent islet (IEQ) number; (2) irrespective of the diabetic mouse model used, only severely diabetic mice (i.e., non-fasting glycaemia \>450 mg/dl) should be considered as eligible recipients; (3) the liver should be used as the preferential site for islet infusion; (4) treated and control recipient mice should always be paired to insure that the islets from the same isolation are infused in the same number of animals in each arm of the study; (5) depending on the biological question, investigators should be knowledgeable and scrupulous when choosing the donor/recipient combination; and finally, (6) at the time of data analysis the glycaemia thresholds used to define graft function should always be reported.
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